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Utilizing wave energy  
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Jens Peter Kofoed 
 
Wave Energy Research Group 
Department of Civil Engineering 
Aalborg University, Denmark 
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A little bit about me! 
• M.Sc. in civil eng., specializing in 
coastal/offshore, from Aalborg 
University i 1997 
• Have been working at Aalborg 
University, Dept. of Civil Eng. since 
then, but also at Rambøll (Aalborg, 
Ports) 
• Ph. D., jan. 2003 
• Participation in numerous WE projects 
both on wave lab. and field tests (Wave 
Dragon, SSG, DEXA, LEANCON, Wave 
Star,  Weptos … ) 
• Head of the Wave Energy Research 
Group 
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Wave Energy Research Group 
At Aalborg University,  
Department of Civil Engineering,  
Division of Water & Soil 
• Staff: 10-15 
• Profile:   
 Waves, Mechanics, 
 Hydro Dynamics, Control 
• Experimentiel testing in lab. and at sea 
• 2x 3-D wave tanks, wave and current flumes 
• Key operator in Nissum Bredning 
• Instrumentation for measuring  “anything”  
• Numerical modelling 
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Wave Energy Research Group 
• Have been involved in more than 40+ 
concepts/projects over the past 12-14 
years 
• Partner in 4 ongoing EU financed 
projects 
• Involved in all primary Danish, and 
numerous international, concept 
developments within the sector 
• National and international 
standardization efforts 
• Teaching, courses (Ph.D./external) 
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Subjects 
• Why wave energy? 
• Potential 
• International cooperation 
• Technologies 
• What’s ”hot” right now? 
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Why wave energy? 
As with other renewable energy sources: 
• Climate change (CO2 problem) 
• The finite ressource of fussil fuels (oil, 
coal, gas, uranium) 
• Security of supply – political stability 
• Jobs 
”Vindenergi vil aldrig kunne bidrage 
væsentligt til elproduktionen i Danmark” 
”Vindenergi vil aldrig blive rentabelt” 
Never say never 
1974, Risø report: 1850 1900 1950 2000 2050 2100 2150
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What are the options? 
• Nuclear Fission/Fusion  
• Renewable energy 
 
 
 
 
 
 
 
 
 
• http://www.ted.com/talks 
• /amory_lovins_a_50_year_plan_for_energy.html 
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Potential ocean energy worldwide 
Wave – 3 (1-10) TW (3 x 1012 W) 
Ocean currents – 0,05 TW 
Tidal currents – 0,2 TW 
Temperature gradient – 3,8 TW 
Osmose / salinity – 2,3 TW 
 
Global energy needs~ 15 TW 
(140 x 1012 kWh/year) 
(2005) 
 
Note: Global solar energy: 120.000 TW  
- ca. 8.000 times world consumption! 
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Wave energy worldwide 
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Potential wave energy in Europe 
Denmark's electricity consumption: 3,7 GW 
Danish West coast (offshore): 
– Up to 25 MW/km 
– averagely 16 MW/km 
– Around 150 km from the coast  
~ 2,4 GW 
In the European Atlantic/North Sea coasts:  
25 - 75 MW/km 
Mediterranean sea: 4 - 11 MW/km 
Total potential on European coasts: ca. 320 GW 
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Potential wave energy in Denmark 
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An example 
IDA2030: 
• Wave power delivers 5 % of DK electricity 
consumption (35 TWh/y) through 500 MW installed 
WEC capacity.  
• Assumptions: 
• 40 % load factor 
• 10 % overall efficiency (farm layout) 
• 15 MW/km average available wave power  
• Result: 
• Use of 133 km 
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The Danish Wave Energy Program 1998 - 2002 
A quite ”wide” development strategy 
Projects carried out during a 4 years period: 
• 40 – 50 inital phase, simple model testing (Phase 1) 
• ~10 further R&D (Phase 2) 
• 1 real sea testing (Phase 3) 
Roughly half of all of the projects were carried at DCE, AAU 
Total budget for the program was €5.4 mill 
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Staged development 
Classification into 4 phases: 
• Each phase should provide specific valuable 
information to inventor and investors, before going 
to the next step 
• Avoid spending too much resources before having a 
reliable estimate on the concepts potential 
 
Definition of phases: 
• Phase 1: Proof of Concept 
• Phase 2: Detailed investigations 
• Phase 3: Real sea testing, at smaller scale 
• Phase 4: Demonstration in half to full scale 
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IEA-OES http://www.ocean-energy-systems.org/ 
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WELCOME TO 
OCEAN 
ENERGY
Development 
Programmes
Test 
Schedules
RESOURCE
SCALERISK
€Equitable Testing and Evaluation of 
Marine Energy 
Extraction Devices 
in terms of 
Performance, Cost 
and Environmental 
Impact 
 
EquiMar 
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EquiMar – Work packages 
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WP3, II.A Tank testing
WP4, II.B Sea trials
EquiMar – Staged development 
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Connecting other documents 
and filling in the details 
EquiMar – Co-operation 
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Project website: www.equimar.org 
Project wiki (download af PDF’er): 
www.wiki.ed.ac.uk/display/EquiMarwiki/EquiMar 
Print-to-order hardcopy of Final protocols: 
http://www.lulu.com/product/paperback/protocols-
for-the-equitable-assessment-of-marine-energy-
converters/15675151 
Youtube videos: 
www.youtube.com/user/EquimarVid 
 
EquiMar –  
Online resources 
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http://www.iec.ch/dyn/www/f?p=103:7:0::::FSP_ORG_ID:1316 
 
 
IEC TC 114 – Marine energy  
- Wave, tidal and other water current converters 
National 
‘mirror’ 
committee 
DS S-614 
Member based: 
• DONG Energy Power A/S 
• Aalborg Universitet 
• Wave Star Energy A/S 
• Bølgekraftforeningen 
• Sterndorff Engineering 
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Ocean energy – Installed capacity 2011 
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In Europe 
Wave Power
2011 Status
kW
Target 2020
MW
 
UK 2000
Ireland 500
France 200
Portugal 400 300
Spain 300 100
Sweden 150
Denmark 250
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Examples of Danish wave energy concepts 
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Wave Dragon 
 - a slack moored wave energy device of the overtopping type 
www.wavedragon.net 
1:4.5 Protoype in 
Nissum Bredning 
1:50 Model in 
Wave Tank 
Full production unit near 
Wales 
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Prototype Test Location 
Nissum Bredning 
• A benign site in Northern Denmark 
 
• 1:4.5 scale (compared DK North Sea) prototype in situ at 
Test Site 1, 2003 – 2005 
• Grid connected, Full control system, Highly instrumented 
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Example of Time Series 
    30 Wave Energy 
Scale 1:40 testing at AAU 
The wave energy converter Wave Star 
Scale 1:10 testing in Nissum Bredning 
A multi point absorber system 
www.wavestarenergy.com 
  x  
  y  
  z  
Numerical modelling 
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Scale 1:10 Real Sea Tests in Nissum Bredning 
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Power measurements from Roshage test unit 
 
Notes: 
• Power is 10 minute average values of harvested 
power from one float (hydraulic power leaving 
one cylinder) 
•A typical wave period for the Roshage location 
is used for the simulated curve 
 
 
•Online data at 
http://wavestarenergy.com/concept 
 
    34 Wave Energy 
WEPTOS 
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Power production measurements 
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Anholt 
Hanstholm (DanWEC) 
Danish part of the North Sea 
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Loadings 
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Very large numbers of ideas.... 
• Hundreds of concepts for utilization of wave energy – and even 
more patents! 
• Still new concepts coming and being tested 
• Some promissing concepts, but the race is still open! 
• No convergence so far... 
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Important items to remember in design… 
Energy contents at open sea much larger than closer to shore 
• Ratio can easily be 3 – 5x 
Ratio between forces in production and extreme conditions are far greater at 
open sea than close to shore 
• open sea: 30 – 50x 
• close to shore: 5 – 10x 
Utilization has to be: 
• efficient in smaller, but frequent waves 
• but inefficient in larger, but rare waves 
Accept minor loss in yearly power production to gain reasonable load factor 
(0.3 – 0.4 desirable) 
Efficient conversion from slow oscillating motion to fast rotational motion is a 
challenge 
Adaption to reduce extreme loads is key to get an economic structure 
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In summary… 
There are ready Wave Energy Technologies out there. 
 
In spite of the very high expectations on Wave Energy, present costs are high and 
limited operational experience is available today. 
• Today a realistic guess on cost is 2-5 dkr/kWh for initial open sea 
deployments 
• Wind industry cut prices from 3 dkr/kWh to 0.3-0.6 dkr/kWh in 10-20 
years. 
 
Incentives to create investments are needed. Market development is essential and 
the subsidised tariff is the most important mean to finance the development 
• The timescale for development is estimated to be large 
 
Various of reasons exist for development of a Wave Energy sector. In the long run 
Wave Energy seems even to become economical competitive 
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What’s ”hot” right now (seen from WERG)? 
• Device development  
      – going from lab testing to real sea testing 
• Weptos, Wavestar ... 
• Demonstration – Centers 
• DanWEC / Partnership for WE 
• Standardization / common approach 
• EquiMar/Marinet 
• IEC 
• EERA 
• DSF Research Alliance 
• Structural Design of Wave Energy Devices 
• Why wave energy? 
• Potential 
• Who is pushing the development? 
• Staged development and design considerations 
• An overview of technologies 
• What’s happening now? 
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DanWEC, Hanstholm 
• Test and develop precommercial 
WEC’s 
• Provide basic design data, wave 
measuremens and surveillance of 
installations 
• Cable connection to mono pile on 
25 m water depth 
• Marked site at sea 
• 3 – 4 prototype test beds 
Hanstholm test history 
• DWP 
• Waveplane 
• Wavestar 
• Dexa 
 
Expected: 
• Crestwing 
• Resen Wave 
• Weptos 
• … 
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Partnership for Wave Energy (DK) 
Purpose: 
• Work for the development of wave energy through industrial partnerships. 
• Work for the greatest possible coordination of various networking activities for wave energy 
development in terms of joint meetings, conferences etc. 
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SDWED -  
The Research Alliance:  
Structural Design of  
Wave Energy Devices Objective of the project: 
 
Strengthen and consolidate Denmark’s position as one of the 
leaders in wave energy research, through the formation of a 
strategic international research alliance focusing on the 
structural design of Wave Energy Devices 
 
• Project granted by the Danish Council for Strategic 
Research  
• Call: Strategic Research in Sustainable Energy and 
Environment 
• Theme: Energy Systems of the Future 
• 5 years (2010-2014) 
• 12 Partner organizations - 6 Danish (73 %), 6 
International (27 %) 
• Budget: 25 mil. dkr. (19.6 DSF, 5.4 Co-fin. ) 
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SDWED - Organisation 
Main management units: 
• Project Steering Commitee (PSC) 
• Consortium Management (CM) 
• Exploitation & Dissemination Manager (EDM) 
• Work Package Leaders (WPL) 
• Research Training Coordinator (RTC) 
• International Advisory Board (IAB)  
Project Coordinator:
Jens Peter Kofoed, AAU-C
Exploitation and 
Dissemination Manager:
Kim Nielsen, Rambøll
Research Training
Coordinator:
John Dalsgaard Sørensen, 
AAU-C
PROJECT STEERING COMMITTEE INTERNATIONAL ADVISORY BOARD
MANAGEMENT
Harry Bingham, DTU (Leader, WP1)
Barbara Zanuttigh, UniBo (Leader, WP2)
Jochen Bard, IWES (Leader, WP3)
Peter Frigaard,AAU-C (Leader, WP4)
Erik Damgaard Christensen, DHI
8-10 members drawn from industry 
organizations, developers, and other 
stakeholders, including representatives from:
The Wave Energy Industry Association 
Denmark (WEIA).
European Ocean Energy Association (EU-
OEA).
Wave energy development companies
FRAU 
Jacob Tornfel t Sørensen, DHI 
Julien De Rouck Ghent University 
Lars Bergdahl Ch lmers University 
Tony Lewis  Co k U iversity 
Hans Chr. Sørensen EU-OEA, Belgium 
Erik Friis M dsen WEIA, Denmark 
Niels Ej ar Helstrup JensenEnerginet.dk 
Jon Kringelum DONGenergy 
Chris Retzl r  Pelamis 
Laurent Marquis Wave Star Energy 
Monika Bakke WaveEnergy 
 (Leader, WP5) 
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A novel advanced wave-to-wire model 
synthesized from the following results related to 
wave energy devices to be generated in the 
project: 
 
Advanced knowledge on wave loadings 
Advanced knowledge on loads from and 
behaviour of mooring systems 
Advanced knowledge on loads from and 
behaviour of PTO systems 
New advanced knowledge on the interaction 
of the mentioned elements 
Advanced knowledge on the structural 
reliability of the devices 
WP1 WP2 
WP3 
WP4 
WP5 
SDWED – Anticipated results 
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• Web site: www.sdwed.civil.aau.dk 
• Newsletter: www.sdwed.civil.aau.dk/News/ 
• LinkedIn group: www.linkedin.com/groups?gid=2842052 
 
• PhD Courses: 
www.waveenergy.civil.aau.dk/PhDcourses/Individual+Courses/  
• Generation and Analysis of Waves in Physical Models, 
September 24-28, 2012  
• Experimental Testing for Wave Energy Utilization, 
November 19-23, 2012  
• Advanced Control Theory for Wave Energy Utilization, 
November 26-30, 2012  
• Reliability and Risk Analysis of Wind Turbines and Wave 
Energy Devices, December 3-5, 2012  
SDWED – More info… 
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MaRINET –  
Towards a Network of  
Marine Renewables Testing 
Facilities 
www.fp7-marinet.eu 
Transnational Access & Networking 
• EC-funded consortium of 29 partners 
• 42 marine renewable energy testing facilities 
• offers access to these facilities at no cost to research 
groups and companies 
Marine 
Renewables 
Infrastructure 
Network for 
Emerging Energy 
Technologies 
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Closing remark! 
We are often asked  
”Now you have been testing so many different devices – which 
one is the best?” 
 
Not easy to answer! We can give reasonably good answers to 
what each of the tested devices is expected to produce, but 
the big question is ”at what price?” 
 
We need a lot of devices in the real sea for a long period of time 
to get closer to answering that question! 
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If you have been … 
   Thank you for listening ;-) 
